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(54) [Subject of Invention] 

Optical connection module 
(57) [Scope of the Patent Claim] 

[Claim Item 1] An optical connection module having the following 
characteristics: Substrates, in that the optical fiber(s) and the mirror which can 
rotate in vertical direction and horizontal direction 2 axes independently are 
arranged in two dimension and further in between the substrates light receiving 
elements are arranged, are employed; the end face of optical fiber of one side 
substrate and the reflection mirror of the other substrate are set to face each other 
with a certain interval; the position of the light is detected by the aforementioned 
light receiving elements and the light emitted from the optical fiber of one side 
substrate is reflected by the reflection mirror of the other side substrate; and by 
hitting this light onto an optical fiber or onto a rotation reflection mirror on the 
opposing substrate, arbitrary fibers are (can be) optical connected. 
[Detailed Explanation of the Invention] 
[0001] 

[Industrial Application Field] The present invention is related to an optical 
connection module for switching the optical signal between a plural number of 
optical fibers in the field of optical communication. 
[0002] 

[Conventional Technology] Hitherto, in the spatial connection for switching light 
signal between two dimensional fiber array, as shown in Fig 4, it is constructed by 
arranging a number of beam shifters 2 in between the (two) substrates 1 arranged 
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with two dimensional fiber array. In this construction, the light emitted from the 
optical fibers 3 is converted to the parallel light beam 5 by the micro-lens 4. After 
passing through all of the beam shifters 2, it would finally reach the fiber array of 
the other side. When the light beam 5 passes through the beam shifter 2. 
depending on the presence of absence of electrical signal, its advancing path 
would be changed. The light beam 5 received advancing path change would 
moved to the neighboring section (the beam shifter 2 is divided into a number of 
sections). Therefore, for changing the advancing path of the beam by a large 
amount, many beam shifters would be required. For example, in Fig 4, in the case 
where the corner fiber of one of the two dimension fiber array is to be connected 
to a fiber (of the other two dimensional fiber array) positioned diagonally, 8 units 
of beam shifters would be needed. As above, if too many parts are present 
between the two optical fibers to be spatially connected, a problem would occur 
that not only the light loss between the fibers would become large but also a high 
precision would be needed for matching the mutual positions of the two 
dimensional fiber array 1 and the beam shifters 2. 
[0003] 

[The Problem to be Solved by the Invention] In the present invention , by using 
two rotational reflection mirrors, an optical connection module in that the 
aforementioned problem is eliminated is provided. 

[0004] The optical connection module of the present invention is as follows: 
Substrates, in that the optical fiber(s) and the mirror which can rotate in vertical 
direction and horizontal direction 2 axes independently are arranged in two 
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dimension and further in between the substrates light receiving elements are 
arranged, are employed; the end face of optical fiber of one side substrate and the 
reflection mirror of the other substrate are set to face each other with a certain 
interval; the position of the light is detected by the aforementioned light receiving 
elements and the light emitted from the optical fiber of one side substrate is 
reflected by the reflection mirror of the other side substrate; and by hitting this 
light onto an optical fiber or onto a rotation reflection mirror on the opposing 
substrate, arbitrary fibers are (can be) optical connected. 
[0005] 

[Implementation Example] Below, by referring to figures, implementation 
examples of the present invention are illustrated in details. Fig 1 is an oblique 
view showing the basic construction of the array substrate arranged with optical 
fibers and rotational reflection mirrors in two dimension. 3 is optical fiber; 4 is 
microlens on the microlens substrate; 6 is the opening hole for arranging the 
rotational reflection mirror on the microlens substrate; 7 is the substrate arranged 
with microlens(es); 8 is the rotational reflection mirror capable of rotating in 2 
axial directions; 9 is the array substrate arranged in two dimension for holding the 
optical fiber 3 and the rotation mirror 8. Microlens 4 is arranged in opposing the 
end face of the optical fiber 3 to change the emitted light to parallel beam. The 
rotational reflection mirror 8 can be rotated to the 2 axes of vertical direction and 
horizontal direction independently; thus, the mirror face can be directed to any 
direction. 


6 


[0006] Fig 2 is an oblique view showing the basic construction of the optical 
connection module. It is shown in the condition by tilting the fiber array for 
easier understanding of the connecting state by the array substrates (the microlens 
substrate 7 is not shown in the figure) A and B. Originally, the array substrate A 
is fixed in parallel against the array substrate B so that there would be a fixed 
distance between the fibers and the rotational mirrors of the array substrate A and 
the rotational reflection mirrors and fibers of the array substrate B. 
[0007] In this construction, when the number i fiber F, (i) of the array substrate 
A and the number j fiber F b (j) of the array substrate B are to be connected, the 
rotational mirror M b (i) on the array substrate B positioned at the opposite to the 
fiber F a (i) is set in an angle so that the light emitted from the fiber F a (i) would 
hit the number j rotational reflection mirror M 8 (j); similarly, the rotational 
reflection mirror M.(j) is adjusted so that the reflected beam from the rotation 
reflection mirror M b (i) would propagate to the fiber F b (j). 
[0008] If the reflection beam of the rotation reflection mirror Ma(j) is set to hit 
the rotational reflection mirror M b (k) [instead of the fiber F b (j)] and further, the 
reflection beam from this mirror is set to irradiate F a (k), the light emitted from the 
array substrate A can be connected to other optical fiber on the same substrate. 
Namely, if 2 sheets of reflection mirrors are employed, the emitted beam from the 
array substrate A can be spatially connected to (any) arbitrary optical fiber on the 
array substrate opposing the emission beam; and if 3 sheets of reflection mirrors 
are employed, the emitted beam from the array substrate A can be spatially 
connected to (any) arbitrary optical fiber on the same substrate. Furthermore, the 
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connection by just one sheet of reflection mirror is also possible. In this case, the 
input & output lights are on the same substrate and the light input would be tilted; 
thus the light propagation would be limited to one direction. 
[0009] If the spatial connection in that the light emitted from the fiber F, (i) is to 
be returned as reflection beam to the original fiber F, (i) by the reflection mirror 
Mb(i) is also included in consideration, in the optical connection module of the 
present invention, all of the optical fibers constructing the module (including the 
module itself) can be spatially connected mutually. 

[0010] The light loss in this spatial connection has almost no relation to the route 
of the optical connection and/or the length; thus only the reflectancees by the 2 
sheets or 3 sheets of the reflection mirror have to be considered. In this regard, 
by adapting the hitherto widely used high reflection film, the light loss would 
become smaller. And, even against the Fresnel reflection loss during the 
transmission of microlens, by using a low reflection film, its effect can be reduced. 
[001 1] In connection to the relative positions of the array substrate A and the 
positions of each fiber to be arranged on the array substrate, high precision would 
not be required. Only a precision in that the light emitted from F a (i) would 
securely hit the rotational reflection mirror Mb(i) is required. The reason for this 
is that the light beam received at rotational reflection mirror Mt>(i) is cut off at the 
rotational reflection mirror M 4 (j) and to be propagated to the fiber F b Q), neither 
would have relation ship to the position of the other; it can be connected by 
adjusting the angle of the rotational reflection mirror. 
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[0012] However, in this method, for knowing the position of the beam on the 
array substrate, a light beam has to be aimed at the optical fiber to detect its 
position. However, in the case when in addition to the objective fiber, other 
fibers are connected and one more light beam cannot be aimed, the position 
detection of the beam would become difficult to cause problem. 
[0013] Fig 3 is a front view of an array substrate in that in the space between the 
fiber end face and the rotational reflection mirror, the light receiving element 10 is 
arranged so that the position detection of the light beam is made possible. The 
construction of the module is performed as described above. In this array 
substrate, as described below, the light beam can be set to hit the objective mirror 
and/or the fiber. 

[0014] First of all, to an arbitrary light receiving element 10 on the array 
substrate on the opposite side, the light beam 5 is aimed, the hitting light beam 
position Pi is then detected. Next, From this, the positions of the objective fiber 
Fo or the mirror M 0 (not shown in the figure) are calculated. And the light beam 
scanning is performed. In this method, during the light beam scanning, the beam 
is not to be moved directly to the objective (for example .the fiber Fo); instead 
first of all, by one of the 4 light receiving elements 10' arranged in the 
circumference (surrounding), the light beam position is detected. Then when the 
light beam is scanned to the fiber F 0f the light beam can be made to securely hit 
the objective fiber F 0 since the relative position of the fiber F 0 and the light 
receiving element 10* is close. 
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[0015] 

[Effect of the Invention] As described above, in the optical connection module of 
the present invention, in the case when the optical fibers on an array substrate are 
to be mutually connected, for the light advancing path change and position 
determination, only 2 sheets of rotational reflection mirror against each fiber are 
to be employed. Thus the operation is simple. And the light loss would be small. 
And, in the case when the combination between the already connected fibers is to 
be changed, it can be achieved similarly. Furthermore, high precision against the 
relative positions of the fiber arrangements and/or array substrates is not required; 
thus, it is expected that there would be an effect that the fabrication and assembly 
of these parts would become easier. 
[Brief Explanation of Figures] 

Fig 1 is an oblique view showing the basic construction of the array 
substrate arranged with optical fibers and rotational reflection mirrors in two 
dimension. 

Fig 2 is a diagram showing the optical spatial connection condition using 2 
sheets of array substrate. 

Fig 3 is a front view of an array substrate (by the two dimension 
arrangement) in that in the space between the fiber end face and the rotational 
reflection mirror, the light receiving element is arranged so that the position 
detection of the light beam is made possible. 

Fig 4 is an oblique view showing the construction of an optical connection 
module of two dimension using beam shifters. 
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[Illustration of Symbols] 

1 . . . two dimension fiber array substrate 

2... beam shifter 

3... optical fiber 

4...microlens 

5... light beam , 

6... opening hole 

7. . . microiens substrate 

8... rotational reflection mirror 

9... array substrate 

10, 10\.. light receiving element 

A, B... array substrate 

Fo,F.(i),F,(k),F fc G)... fiber 

Pi... light beam position 

M b (i), M a (j), M b (k)... rotational reflection mirror 
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